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one polymerizable epoxy monomer or a prepolymer thereof; optionally at least one polymerizable surfactant monomer, optionally at least 
one binder monomer or a prepolymer or resin thereof; optionally at least one surfactant which may be the same as or different than the 
polymerizable surfactant monomer, optionally at least one catalyst; and optionally at least one cross-liking agent The substrate is then 
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PROTECTIVE COATING FOR LEAD SHEETS 
FIELD OF THE INVENTION 

This invention relates to coated lead articles which 
are water repellent and resistant to abrasion, wear, chipping, 
and environmental conditions that have a tendency to degrade or 
to corrode lead. These coated lead articles are particularly 
useful in outdoor applications such as roofing materials. A film 
forming polymer coating is adhered to the lead substrate through 
a graft polymerization process. 

BACKGROUND OF THE INVENTION 

Lead products and particularly lead sheets are used in 
numerous indoor and outdoor applications such as in the roofing 
industry. Although lead is a relatively unreactive material, it 
is still subject to corrosion and wear due to changes in 
temperature, pressure, and humidity and due to atmospheric 
pollutants such as hydrogen sulfite, carbon dioxide, and sulfur 
dioxide. Furthermore, minute amounts of lead may leach from lead 
articles subjected to rain or water runoff. 

Horowitz, in U.S. Patent No. 3,389,848, disclosed 
polymer grafting onto non-metallic substrates by bonding silver 
or silver oxide onto the substrate surface and then polymerizing 
a material to the surface, and in U.S. Patent No. 3,698,931, 
disclosed the bonding of polymeric materials to silver ion 
activated non-metallic substrates. See also Horowitz et al . , 
U.S. Patent No. 3,998,602. 
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Non-metallic high polymeric materials which are 
difficult to dye were activated and made susceptible to 
sulfonation with colloidal silver or silver oxide in Horowitz et 
al, U.S. Patent Nos. 3,880,580 and 2,940,377. 

Grafting liquids containing silver salts were 
incorporated to polymerize and simultaneously graft monomers onto 
hydrocarbon liquids in Horowitz, U.S. Patent No. 3,929,800. 

10 An adhesive that includes elastomers, a prepolymer or 

a polymerizable monomer, and a graft initiator has also been used 
to secure elastomer substrates together by Horowitz et al.,.U.S. 
Patent No. 4,051,090. 

15 A method for protecting alumina and aluminium alloys by 

the chemical bonding of a polymerized coating to aluminium oxide 
on the aluminium surface was disclosed by Horowitz et al., U.S. 
Patent No. 4,105,811. Silver ion acts as an initiator and is 
regenerated during the polymerization by a peroxide catalyst. 

20 Steel articles are ' coated with polymeric fibers containing 
fillers in Horowitz, et. al., U.S. Patent No. 4,106,955. See 
also Dichter, U.S. Patent No. 4,421,569. 

Paints that include a polymerizable vinyl monomer, an 
25 epoxy prepolymer, a urethane resin, a peroxide polymerization 
initiator, a silver graft initiator, and a solvent are applied to 
steel or aluminium metal articles, plastic articles, and ceramic 
articles by Horowitz et al., U.S. Patent No. 4,107,028. 

0 Pigment dispersions were chemically grafted with vinyl 

and/or acrylic monomers to nitrocellulose, by Horowitz et al., 
U.S. Patent No. 4,683,007, and whole monomers and germicides were 
grafted onto activated carbon in U.S. Patent Nos. 4,898,676 and 
4,966,8 72 to Horowitz et al. 
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Wiedeman et al., U.S. Patent No. 5,043,226, disclose 
the grafting of a coating on steel, aluminium, iron, platinum, 
silver, nickel, gold, cobolt, copper, or copper alloy substrates. 
The coating is prepared from polymerizable monomers having at 
5 least two functionalities, graft initiators containing nickel 
ion, and a reduction agent capable of reducing nickel ion to 
nickel metal. 

Scheinfeld, Polymer News , Vol. II, Nos. 11/12, pp. 19- 
10 24 describes generally the possibility of grafting polymers to 
substrates including lead, but specific graft initiators and 
polymeric film components are not provided. 

It has now been discovered that polymer-based coatings 
15 can be chemically bonded to lead substrates, thereby protecting 
the substrate from degradation. 

SUMMARY OF THE INVENTION 

Coated articles have now been prepared which comprise: 
20 (A) a substrate comprising lead; and (B) a film adhered to the 
substrate. The film comprises: 

(a) a polymer of 

(i) at least one polymerizable vinyl monomer or a 
prepolymer thereof; 
25 (ii) optionally at least one polymerizable epoxy 

monomer or a prepolymer thereof; and 

* 

(iii) optionally at least one polymerizable surfactant 
monomer; and 

(b) optionally at least one binder resin which may be the 
30 same as or different than said polymerizable epoxy. 

• In a preferred embodiment, the vinyl monomer has at 
« least one functional group in addition to the vinyl group. 
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A method for the preparation of these coated articles 

4 

has also been discovered. A lead substrate is contacted with a 
film forming coating composition. The film forming composition 
comprises a mixture of: 

5 (a) at least one polymerizable vinyl monomer or a 

prepolymer thereof; 

(b) at least one graft initiator; 

(c) a solvent; 

(d) optionally at least one polymerizable epoxy 
10 monomer or a prepolymer thereof; 

(e) optionally at least one polymerizable surfactant 

monomer ; 

.(f) optionally at least one binder monomer or a 
prepolymer or resin thereof which may be the same as or different 
15 than said polymerizable epoxy; 

(g) . -optionally at least one surfactant which may be 
the same as or different than the polymerizable surfactant 
monomer; 

(h) optionally at least one catalyst; and 

20 (i) optionally at least one cross -linking agent. The 

substrate is then cured. 

Also contemplated by the present invention are film 
forming compositions comprising the mixture above and 
25. particularly in the form of an emulsion. 

DETAILED DESCRIPTION OF THE INVENTION 

The coated articles of the present invention comprise 
a coating adhered to a lead containing substrate. Preferably, 
30 the article and/or substrate are in the form of a sheet or a tile 
which may be used as a roofing material. The substrate may be 
coated on all of its surfaces or may be coated on fewer than all 
of its surfaces . 
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The coating is in the form of a film which includes at 
least one polymer that is adhered to the substrate, preferably 
through chemical bonding and most preferably through chemical 
grafting. This polymer can be homopolymeric or copolymeric and 
5 is polymerized from at least one polymerizable vinyl monomer or 
a prepolymer thereof. 

Although any polymerizable vinyl monomer is suitable 
for use in the film, preferred vinyl monomers are polyfunctional, 

10 i.e. substituted with one or more functional groups in addition 
to the vinyl group. Functional groups are groups that have 
replaced a hydrogen on the monomer and through which a bond can 
be formed. A monomer that has more than one functional group in 
addition to the vinyl group has more than one hydrogen atom 

15 replaced. This allows the monomer -to form a bond through each of 
the functional groups and/or through the vinyl group. The 
monomers may be substituted with one or more hydroxy, carboxy, 
glycidyl, aziridinyl group, or any combination thereof. Most' 
preferred vinyl monomers are substituted or unsubstituted acrylic 

20 monomers or esters or salts thereof. These acrylics include, but 
are not limited to, mono-, di-, and tri-acrylics such as 
hydroxylated triacrylates such as Sartomer SR 9035. 

Polymerizable epoxy monomers or prepolymers thereof are 
25 optional components of the polymer. Suitable epoxy monomers 
include, but are not limited to, aliphatic, cycloaliphatic, and 
aromatic epoxy monomers, and particularly those having more than 
one epoxy group per molecule. Typical aliphatic epoxy monomers 
include, but are not limited to, 1,4 butane diol diglycidyl 
30 ether. . Typical cycloaliphatic epoxy monomers include, but are 
not limited to, 3,4-epoxy cyclohexylmethyl (3,4-epoxy) 
cyclohexane carboxylate and bis (3,4-epoxy-6-methyl- 
cyclohexylmethyl) acrylate. Typical aromatic epoxy monomers 
include, but are not limited to, diglycidyl ethers of polyphenol 
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epoxy such as bisphenol A, resorcinol diglycidyl ether epoxy and 
phenol -formaldehyde novolac . polyglycidyl ether epoxy. 

«- 

Polymerizable surfactant monomers are also optional 
5 components of the polymer and are preferably non- ionic 
surfactants including, but not limited to, sodium styrene 
sulfonate and sodium, vinyl sulfonate. 

Furthermore, the polymer can be cross -linked with 
10 cross -linking agents that are known to those skilled in the art, 
including, but not limited to, polyfunctional aziridines! 

The film can also include one or more binder resins 
that aid in coalescing the film. Such binder resins may be 
15 polymerizable with the polymers above or may be blended with the 
monomers in the film coating formulation. Preferably, the binder 
resin is an acrylic resin, an epoxy resin, a urethane resin, or 
any combination thereof. Preferred urethanes are urethanes 
formed by the reaction of either a polyester or a polyether with 
20 an aromatic or aliphatic diisocynate. They may be vulcanized 

* 

through the isocynate group by reaction with glycols, diamines, 
diacids, or amino alcohols. Preferred urethanes are derived from 
aliphatic diisocynates, and most preferably have from 0 to about 
6% reactive-NCO- groups. 

25 

Other components that may be blended in the coating 
composition, and consequently in the film, include, but are not 
limited to, ultraviolet radiation inhibitors including, but not 
limited to, substituted hydroxy /phenol benzotriazoles; flame 
30 retardants; abrasion improving agents; lubricants; soil 
repellency enhancing agents; adhesion promoting agents; water 
absorbency enhancing agents; gas permeability enhancing agents; 
biocides; thixotropes; or the like. 
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Typically, the coating will be from about 0.1 to about 
260 microns in thickness, will have a pencil hardness of about 
3B, and will have a specular gloss value of from about 20 to 
about 70. 

The coated articles of the present invention are 
prepared by contacting a lead substrate with a film forming 
composition and subsequently curing the article. In addition to 
the polymerizable vinyl monomer (s) or prepolymer ( s ) , preferably 
in the form of an emulsion, the optional polymerizable epoxy 
monomer (s) or prepolymer ( s ) , and the optional polymerizable 
surfactant monomer (s) , the film forming composition mixture 
includes at least one graft initiator and a solvent. 

Suitable graft initiators include iron (i.e., Pe ++ or 
Fe +++ ), silver (i.e., Ag + ) , cobalt (i.e., Co ++ ) , and/or copper 
(i.e., Cu ++ ) salts, such as nitrates, perchlorates , acetates, 
sulfates, or any combination thereof. Preferably, the graft 
initiator is an iron salt and most preferably is ferrous salt 
such as ferrous sulfate. 

While not intending to be" bound by any theory, 
applicants hypothesize that in the presence of initiator, a thin 
layer of oxide and hydroxyl groups is firmly bound to the lead 
substrate. The graft initiator («GI + ») removes the hydrogen of 
the hydroxyl group to form a radical which reacts with the film 
forming polymerizable monomer(s) or prepolymer (s) . The oxides in 
hydroxyl groups react with the functional groups of the 
monomer (s) and/or prepolymer (s) to initiate a polymerization 
reaction on the surface of the substrate. This reaction is 
illustrated below: 



Pb Pb(OH) + GI + "* PbO + 61 + H + 

(Radical Formation) (i) 
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PbO + CH 2 a CH -> PbO-OL-CH 

I l 

X X 

(Graft Initiation) (II) 



PbO-CHj-CH + n(CH 2 =CH) -* PbO- (CH 2 -CH) n -CH 2 -CH 
I i I I 

10 XX XX 

(Propagation) (III) 



15 . GI + ROOH RO + OH" + GI + 

(Regeneration of Graft Initiator and Free -Radical) 

20 



(IV) 



Reaction (I) provides a radical site on the lead 
substrate by the reduction of the ion of the graft initiator and 
oxidation of the substrate. Reactions (II) and (III) illustrate 
the grafting of an exemplary vinyl monomer to the metallic 
25 substrate at the oxidized site to form a lead- graft polymer 
radical on the substrate and the propagation of this graft 
polymer. Reaction (IV) illustrates the regeneration of the graft 
initiation ion by the presence of a peroxide in the film forming 
composition mixture. 

30 

Although the film forming mixture may include an 
aqueous or organic solvent, an aqueous solvent is preferred. 
Typically, one or more surfactants are added to the mixture to 
prepare an emulsion. Non-polymerizable or polymerizable 
35 surfactants are suitable and non-ionic surfactants are preferred. 
Polymerizable surfactants are those having one or more vinyl 
groups including, but not limited to, sodium vinyl sulfonate 
and/or sodium styrene sulfonate. 

40 Optional catalysts include persul fates including, but 

not limited to, ammonium persulfate or peroxide - type catalysts 
including, but not limited to, hydrogen peroxide, methyl ethyl 
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ketone peroxide, tert- butyl hydroperoxide, di- tert -butyl 
peroxide, benzyl peroxide, di-cumyl peroxide, lauroyl peroxide, 
tert -butyl per-benzoate, iodine peroxide, peracetic acid, and 
most preferably, urea peroxide . 

The polymer film forming mixture optionally includes a 
cross -link agent as described above. The binder resins are as 
described above and, typically, are added in the form of an 
aqueous emulsion as well. The mixture is prepared in 
conventional mixing equipment as known to those skilled in the 
art. Although the order of addition of the components of the 
film forming composition is not believed to be significant, when 
optional components are used, it is preferred that the vinyl 
and/or epoxy monomer or prepolymer, the binder, and the solvent 
are mixed before any other components are added. Then, all 
additives other than cross -linker can be added as a premix along 
with the catalyst. Finally, the cross-linker can be added. 

The substrate may be cleaned before contact with the 
film forming mixture. It may also be moistened with water, 
although this is not necessary. Atmospheric moisture would be 
sufficient to form any oxide or hydroxyl groups, if necessary. 

The amount of polymerizable vinyl monomer (s) or 
prepolymer (s) in the film forming composition is that amount 
effective to form a water repellant coating, and generally ranges 
from about 0.005 to about 10 parts by weight based upon 100 parts 
by weight of the film forming composition. 

The amount of graft initiator in the film forming 
composition is that amount effective to initiate grafting of the 
polymerizable monomer (s) or prepolymer ( s ) to the substrate and, 
typically, ranges from about 0.005 to about 0.1 part by weight 
based upon 100 parts by weight of the polymerizable vinyl 
monomer (s) and/or prepolymer (s) . Preferably, the amount of graft 
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initiator ranges from about 0.01 to about 0.05 part by weight on 
this basis, and most preferably ranges from about 0.02 to about 
0.03 part by weight on this basis . 

The amount of solvent in the film forming composition 
typically ranges from about 10 to about 99.99 parts by weight 
based upon 100 parts by weight of film forming composition. 

The amount of binder resin is that amount effective to 
enhance the rate that the film coalesces and preferably ranges 
from 0 to about 99 parts by weight based upon 100 parts by weight 
of film forming composition. 

The amount of optional catalyst typically ranges from 
0 to about 25 parts by weight based upon 100 parts by weight of 
polymerizable vinyl monomer (s) and preferably ranges from about 
0.1 to about 20 parts by weight based upon 100 parts by weight on 
the same basis. 

The amount of optional cross -linker typically ranges 

■ 

from about 25 to about 500 parts by weight based upon 100 parts 
by weight of polymerizable monomer (s) or prepolymer (s) . 

The film forming composition is applied by methods 
known to those skilled in the art including, but not limited to, 
dipping, spraying, roller coating, brushing, or the like. The 
article is cured by drying at ambient conditions or at elevated 
temperatures of up to about 275 °C or higher. The coating 
formulation should be dry before the coated substrate is used. 

Coating thickness can be varied by varying the time of 
application of the coating, the amount applied in a single 
coating, or the number of coatings. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The following examples serve to illustrate the 
invention. All function percentages are given by weight unless 
otherwise indicated, 

EXAMPLE 1 

100 parts of binder resin (acrylic prepolymer emulsion 
- Rhoplex AC 1803 - Rohm & Hass Company - Philadelphia, PA) , 10 
parts of surfactant monomer (10% sodium styrene sulfonate in 
water) , 10 parts of a second surfactant monomer (25% sodium vinyl 
sulfonate in water), 0.05 part of graft initiator (0.1% ferrous 
sulfate in water), 0.1 part of vinyl monomer (hydroxylated 
triacrylate - Sartomer SR 9035), and 0.01 part of catalyst (urea 
peroxide) were mixed. The mixture was applied to a lead sheet 
substrate by brushing. The coated substrate was allowed to dry 
in air at ambient conditions. The resultant coating was water 
resistant. 

EXAMPLE 2 

200 parts of binder resin (aliphatic urethane 
emulsion - NeoRezR-966) , 0.5 part of vinyl monomer (hydroxylated 
triacrylate - Sartomer SR 9035), 40 parts of solvent (deionized 
water), and 0.1 part of graft initiator (0.1% ferrous sulfate in 
water) were mixed. 

A premix of ultraviolet radiation inhibitor 
(substituted hydroxy/phenyl benzotriazole - Tinvim 1130), 0.7 
part of solvent (butyl cellosolve) , and 0.7 part of solvent 
(deionized water) was mixed with the mixture above. 0.1 part of 
catalyst (urea peroxide) was added, and subsequently, 0.4 part of 
cross -linker (polyfunctional aziridine - CX-100) was added with 
agitation. 
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A lead sheet substrate was coated by brushing, and the 
coated substrate was air dried at ambient conditions. The 
coating displayed excellent water resistance. 

EXAMPLE 3 

A coating composition was prepared according to the 
procedure of Example 2. A lead sheet substrate was coated by 
brushing and was cured at 250 -2 60 °C for 30 minutes. The coating 
displayed excellent water resistance. 

EXAMPLE 4 

The procedure of Example 2 was followed omitting the UV 
inhibitor, substituting 2.4 parts of butyl cellosolve for the 
butyl cellosolve, and substituting two parts of the cross -linker 
for the cross -linker. 

A lead sheet substrate was coated by brushing and dried 
in air. The coated substrate dried faster than that in Example 
2. Samples coated with this formulation had excellent water 
resistance. 



The above-mentioned patents, publications, and test 
methods are incorporated herein by reference. 

Many variations of the present invention will suggest 
themselves to those skilled in the art in light of the above 
detailed description. All such obvious variations are within the 
full intended scope of the appended claims. 
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WHAT IS CLAIMED 15 

1 1. A coated article comprising: 

2 (A) a substrate comprising lead; and 

3 (B) a film adhered to said substrate, said film 

4 comprising: 

5 (a) a polymer of 

6 (i) at least one polymerizable vinyl 

7 monomer or a prepolymer thereof; 

8 (ii) optionally at least one 

9 polymerizable epoxy monomer or a 

10 prepolymer thereof; and 

11 (iii) optionally at least one 

12 polymerizable surfactant monomer; 

13 and 

14 (b) optionally at least one binder resin 

15 which may be the same or different than 

16 said polymerizable epoxy. 

17 2. A coated article as defined in claim 1, wherein 

18 said vinyl monomer has at least one functional group in addition 

19 to the vinyl group. 

1 3. A coated article as defined in claim 2, wherein 

2 said vinyl monomer is a substituted or unsubstituted acrylic 

3 monomer or an ester or salt thereof. 

1 4. A coated article as defined in claim 3, comprising 

2 a sheet. 

1 5. A coated article as defined in claim 3, comprising 

2 a tile. 



1 
2 



6. A coated article as defined in claim 3, wherein 
said substrate comprises a sheet. 



WO 94/19505 PCT/US94/01773 

14 . 

1 7. A coated article as defined in claim 3, wherein 

2 said substrate comprises a tile. 

1 8. A coated article as defined in claim 3, wherein 

2 said polymer of said film is chemically bonded to said substrate. 

1 9. A coated article as defined in claim 8, wherein 

2 said polymer of said film is grafted to said substrate. 

1 10. A coated article as defined in claim 3, wherein 

2 said acrylic monomer or ester or salt thereof is substituted with 

3 one or more hydroxy group, carboxy group, glycidyl group, or any 

4 combination thereof. 

1 11. A coated article as defined in claim 3, wherein 

2 said binder resin comprises a urethane resin. 

1 12 . A coated article as defined in claim 3 , wherein 

2 said urethane is polymerizable with said polymerizable vinyl 

3 monomer or prepolymer. 

1 13 . A coated article as defined in claim 3, wherein 

2 said film further comprises at least one: 

3 (d) surfactant which is the same as or different 

4 than said polymerizable surfactant monomer; 



5 (e 

6 (f 

7 (g 

8 (h 

9 (i 

10 (j 

11 (k 

12 (1 

13 (m 

14 (n 



ultraviolet radiation inhibitor; 
flame retardant; 
abrasion improving agent; 
lubricant; 

water repellency enhancing agent; 
adhesion promoting agent; 
water absorbency enhancing agent; 
gas permeability enhancing agent; 
biocide; or 
thixotrope . 
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1 14. A coated article as defined in claim 3, wherein 

2 said film ranges from about 0.1 to about 260 microns in 

3 thickness. 

1 15. A coated article as defined in claim 3, wherein 

2 said film has a pencil hardness of about 3B and a specular gloss 



3 
j 


v ai uc: J- ctny 


from about 


20 to about 70. 


■L 


J-O . 


A method 


of coating an article, said method 


2 












. (A) contacting a substrate comprising lead with 


A 
*± 




a film forming mixture comprising: 


C 

D 




(a) 


at least one polymerizable vinyl 


6 


■ 




monomer or a prepolymer thereof, 


7 




(b) 


at least one graft initiator; 


8 




(c) 


a solvent; 


9 




(d) 


optionally at least one polymerizable 




• 




epoxy monomer or a prepolymer thereof, 


11 




(e) 


optionally at least one polymerizable 


12 






surfactant monomer, 


13 




(f) 


optionally at least one binder monomer, 


14 






or a prepolymer or resin thereof which 


15 






may be the same or different than said 


16 






polymerizable epoxy; 


17 




(g) 


optionally at least one surfactant 


18 






which may be the same as or different 


19 






then said polymerizable surfactant 


20 






monomer; 


21 




(h) 


optionally at least one catalyst; and 


22 




(i) 


optionally at least one cross -linking 


23 






agent ; and 


24 




(B) curing said article. 
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25 17. A method as defined in claim 16, wherein said 

* 

26 vinyl monomer has at least one functional group in addition to 

27 the vinyl group. 

1 18. A method as defined in claim 17, wherein said 

2 vinyl monomer is a substituted or unsubstituted acrylic monomer 

3 or an ester or a salt thereof. 

1 19. A method as defined in claim 18, wherein said 

2 article comprises a sheet. 

3 20. A method as defined in claim 19, wherein said 

4 article comprises a tile. 

5 21. A method as defined in claim 19, wherein said 

6 substrate comprises a sheet. 

7 22. A method as defined in claim 18, wherein said 

8 substrate comprises a tile. 

■ 

9 23. A method as defined in claim 18, wherein said 
10 substrate is exposed to moisture before said contacting step (A) . 

1 24. A method as defined in claim 18, wherein said 

2 acrylic monomer or ester or salt thereof is substituted with one 

3 or more hydroxy group, carboxy group, glycidyl group, or any 

4 combination thereof. 



1 25. A method as defined in claim 18, wherein said 

2 binder resin comprises a urethane resin. 

1 26. A method as defined in claim 18, wherein said 

2 urethane is polymerizable with said polymerizable vinyl monomer 

3 of prepolymer. 
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1 27. A method as defined in claim 18, wherein said 

2 graft initiator is selected from the group consisting of salts of 

3 iron, silver, cobolt, copper, or any combination thereof. 

1 28, A method as defined in claim 27, wherein said salt 

2 is selected from group consisting of nitrates, perchlorates, 

3 acetates, sulfates, or any combination thereof. 

1 29. A method as defined in claim 28, wherein said 

2 graft initiator is an iron salt. 

1 30. A method as defined in claim 29, wherein said iron 

2 salt is a ferrous salt. 

1 31. A method as defined in claim 30, wherein said 

2 ferrous salt is ferrous sulfate. 

1 32. A method as defined in claim 18, wherein said 

2 solvent is an organic solvent. 

1 33. A method as defined in claim 18, wherein said 

2 solvent is water. 

1 34. A method as defined in claim 18, wherein said 

2 vinyl monomer or prepolymer is an aqueous emulsion. 

1 35. A method as defined in claim 18, wherein said 

Ml 

2 binder is an aqueous emulsion. 

1 36. A method, as defined in claim 18, wherein said film 

2 forming mixture is an aqueous emulsion. 

1 37. A method as defined in claim 18, wherein said 

2 surfactant monomer is a nonionic surfactant. 
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1 38. A method as defined in claim 18, wherein said 

2 catalyst is a peroxide catalyst. 

1 39. A method as defined in claim 38, wherein said 

2 catalyst is urea peroxide. 

1 40. A method as defined in claim 18, wherein said 

2 cross -linking agent is a polyfunctional aziridine. 

1 41. A method as defined in claim 18,/ wherein said 

2 contacting is by dipping, spraying, roller- coating, brushing, or 

3 any combination thereof. 

1 42. A method as defined in claim 18, wherein said 

2 coated article is cured at ambient conditions. 

1 43. A method as defined in claim 18, wherein said 

2 coated article is cured at elevated temperature. 

1 44. A film forming composition comprising: 

2 (a) at least one polymerizable vinyl 

3 monomer or a prepolymer thereof, 

4 (b) at least one graft initiator; 

5 (c) a solvent; 

6 (d) optionally at least one polymerizable 

7 epoxy monomer or a prepolymer thereof, 

8 (e) optionally at least one polymerizable 

9 surfactant monomer, 

10 (f ) optionally at least one binder monomer, 

11 or a prepolymer or resin thereof which 

12 may be the same or different than said 

13 epoxy monomer or prepolymer; 

14 (g) optionally at least one surfactant 

15 which may be the same as or different 
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than said polymerizable surfactant 
monomer; 

(h) optionally at least one catalyst; and 

(i) optionally at least one cross -linking 
agent . 

A product prepared by the method of claim 19. 
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